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Description 

High Frequency Oscillator Ventilator 

The present invention relates to a high frequency oscillator 
(HFO) ventilator. 

5 High frequency (HF) ventilators may be classified as 
belonging to one of two categories, namely the high frequency 
jet (HFJ) ventilator and the HFO ventilator. 

The HFJ ventilator operates to fully ventilate a patient by 
supplying jet pulses of breathing gas to a patient's airways • 

10 These jet pulses are typically supplied through a narrow 
cannula at a frequency of between 2.5 Hz and 10 Hz, at a 
pressure of between 0.2 bar and 2.7 bar and with a tidal 
volume of around 2 to 5 millilitres (ml) per kilogram (kg) 
body weight of a patient. This high pressure jet pulse causes 

15 the lungs to expand during an inspiration phase in which the 
desired tidal volume is supplied. The expiration phase is 
essentially passive and results from the natural compliance 
of the lungs which tends to collapse them and expel the gas. 
In a modification to this basic HFJ ventilator it is known to 

20 provide a Venturi vacuum device in communication with the 
patient's airways on the expiration side of the ventilator. 
This device creates a vacuum of typically between 0.002 and 
0,025 bar during expiration to promote the natural collapse 
of the lungs. However expiration is still effectively 

25 passive, relying on the compliance of the lungs to push out 
the supplied gas. 

The HFO ventilator operates to fully ventilate a patient by 
introducing pressure oscillations to a column of gas in 
communication with a patient's airways. These oscillations 
30 cause alternately the supply of breathing gas to and the 
active extraction of at least the supplied volume of gas from 
the airways of the patient. It is this active extraction of 
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the supplied volxame that is the primary difference between 
HFO and HFJ ventilation systems. The peak-to-peak pressure 
amplitude about a mean airway pressure is typically between 
0.05 and 0.2 bar and oscillates at a typical frequency of 
5 between 10 Hz and 50 Hz to supply a tidal volume 
significantly less than required during spontaneous 
breathing^ typically at or around anatomical dead-space 
volumes, and is usually less than that typically supplied by 
the jet device during HFJ ventilation. 

10 Both types of HF ventilator operate in marked contrast to a 
known conventional mechanical ventilator. The conventional 
ventilator operates to fully ventilate a patient by supplying 
breathing gas to the patient's airways in an amount and at a 
frequency substantially ecpial to those of a spontaneously 

15 breathing patient. Typically then, for an adult, the, 
conventional mechanical ventilator will provide a tidal 
volume of around 500 millilitres at a frequency of around 
0.2Hz. 

The HFO ventilator generally comprises a gas conduit having 
20 an opening at one end for connection to the patient's airways 
and an opposite end provided in gas communication with an 
oscillator. The oscillator includes a reciprocally moveable 
element, such as a membrane or a piston, as part of a 
variable gas holding volume to which the end of the conduit 
25 is in gas communication. A drive unit is provided to 
reciprocate the moveable element at a predetermined high 
frequency to alternately remove a volume of gas from and 
return it to the gas conduit. Over- and under- pressure 
pulses are thereby supplied to gas within the conduit at that 
30 frequency. This causes a coliimn of gas, the volume of which 
is dependent on the voliome change of the oscillator, to be 
moved along the gas conduit into and out of the patient's 
airway and thereby provide ventilation. A continuous so 
called 'bias' flow of fresh breathing gas moves along a flow 
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path between an inlet and an outlet and intersects the path 
of the moving coluitin within the conduit to flush through the 
outlet carbon dioxide rich gas that has passed from the 
patient's lungs. This bias flow also maintains a mean 
5 positive airway pressure (or bias) about which pressure the 
high frequency pressure pulses oscillate. However, a 
disadvantage with the known HFO ventilator is that a large 
percentage (typically over 70%) of the volume of gas moved by 
the variation in oscillator volume never reaches the patient 

10 and is lost from the conduit through the outlet. The volume 
change of the oscillator must therefore be made 
commensurately larger in order to supply an adequate tidal 
volume to the patient. As a result it becomes increasingly 
difficult to maintain the necessary volvune changes as the 

15 oscillation frequency increases and tidal vol\imes may then 
become insufficient. An additional problem is that the gas 
conduit itself must be made of a relatively stiff material so 
that the energy of the pressure pulses generated by the 
oscillator is not reduced through work done in expanding and 

2 0 contracting the conduit. Such a length of stiff conduit makes 
the HFO ventilator cximbersome to deploy. 

According to the present invention there is provided an HFO 
ventilator described in and characterised by the present 
claim 1. In generating oscillations by alternately 
25 introducing and withdrawing a volume of additional gas 
sufficient to provide a desired tidal volume to the patient's 
airways the disadvantage of reciprocating the large moveable 
element of the known HFO ventilator is removed. 

Preferably, the oscillator may be adapted to introduce the 
30 additional gas proximal the opening in the first gas conduit 
which is intended for connection with the patient ' s airways . 
This reduces dead-space, allows a more flexible tubing to be. 
used for the remainder of the conduit away from the opening 
without the risk of energy being lost in expanding and 
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contracting the tubing and permits smaller volumes of gas to 
be used in order to generate the desired pressure 
oscillations . 

Conveniently, the additional gas may be introduced by a pulse 
5 generator via a second conduit which opens into the first and 
its removal may be by a separate device via the first; the 
second or even a third conduit. The increased design 
flexibility provided by providing separate means for 
introducing and for removing gas also allows each of the 
10 means to be optimised for its intended purpose. 

Exemplary embodiments of the present invention will now be 
described with the aid of and reference to the drawings of 
the accompanying figures, of which: 

Fig. 1 shows a first embodiment of an HFO ventilator 
15 according to the present invention. 

Fig. 2 shows a second embodiment of an HFO ventilator 
according to the present invention - 

Fig. 3 shows a third embodiment of an HFO ventilator 
according to the present invention. 

2 0 Considering now Fig» 1, an HFO ventilator 2 is shown in 
operative connection to a source of pressurised breathing gas 
4. The HFO ventilator 2 is configured to utilise the source 
of breathing gas 4 both as a bias flow and as a source of an 
additional gas, as will be described below. The HFO 

25 ventilator 2 is provided with a primary conduit 6 that has at 
one end a patient opening 8 which is intended to be placed in 
gas communication with a patient *s airways, for example by 
connection to a conventional endotracheal tube (not shown) , A 
vent opening 10 is also provided in the primary conduit 6 

30 through which gas may be vented to atmosphere (as shown) or 
to a known gas recovery means (not shown) . A one-way valve 12 
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is disposed within the primary conduit 6, proximal the vent 
opening 10 and is configured to prevent gas entering the 
conduit 6 through the vent opening 10. A variable aperture 
throttle valve 14 is also disposed in the primary conduit 6 
at a location proximal the one-way valve 12. A bias gas flow 
inlet 16 is connectable to the source of pressurised 
breathing gas 4 via a pressure regulator 18 and is connected 
to the primary conduit 6 at a location proximal the patient 
opening 8. A secondary conduit 20 terminates with an opening 
22 in the primary conduit 6 proximal to and directed towards 
the patient opening 8. A solenoid valve 24 switchably 
connects the secondary conduit 20 either to an extraction 
device 2 6 , such as a rotary or reciprocatory vacuum pump, or 
to a conditioning device 28. The extraction device 2 6 is 
15 vented to atmosphere (or alternatively to a gas recovery 
means) and the conditioning device 28 is connected to the 
source of pressurised breathing gas 4 via a pressure 
regulator 30 • A control signal generator 32 is operably 
connected to the solenoid valve 24 to provide it with control 
20 signal pulses which cause the valve 24 to alternately connect 
the conditioning device 28 and the extraction device 26 to 
the secondary conduit 20 at a predetermined and preferably 
variable frequency which is typically between 10 and 50 Hz, 
As a safety feature, the solenoid valve 24 may be adapted to 
25 remain in a "neutral" state in the absence of a control 
signal from the signal generator 32 in which state neither of 
the devices 26,28 are connected to the secondary conduit 20. 
The supply of an alternating positive and a negative signal 
from the control signal generator 32, such as a sine or 
30 square wave signal, can then cause the solenoid valve 24 to 
connect respectively the conditioning device 28 or the 
extraction device 2 6 to the secondary conduit 20 in an 
alternating manner dependent on the polarity of the supplied 
signal . 



During the use of the HFO ventilator 2 a continuous bias gas 
flow is provided by gas from the source 4, through the 
primary conduit 6 between the inlet 16 and the vent opening 
10. This establishes a mean airway pressure within a 
patient's airways which maintains the patient's lungs in a 
partially inflated condition throughout ventilation. The mean 
airway pressure may be regulated by adjusting one or both of 
the pressure regulator 18 and the aperture 34 of the throttle 
valve 14. Gas from the source 4 also passes through a 
different pressure regulator 30 to a conditioning device 28 
where moisture may added and/or the moist gas warmed. The 
solenoid valve 24 is operated in response to electrical 
pulses from the control signal generator 32 to periodically 
connect the moist gas from the conditioning device 28 to the 
secondary conduit 20 in order to generate gas pulses at a 
predetermined frequency and for a predetermined time. In this 
manner pulses of additional fresh gas are introduced into the 
primary conduit through the opening 22 in the secondary 
conduit 20, Because of relative dispositions of the opening 
22, the patient opening 8 and the bias gas inlet 16 then each 
pulse need only consist of a volume of gas substantially 
equal to the tidal volume necessary to provide adequate 
ventilation at the operating frequency of the HFO ventilator. 
As with the known HFO ventilator this desired tidal volume 
may be calculated as being between one and four ml per kg 
body weight of the patient. This additional gas induces a 
pressure increase in the gas within the primary conduit 6 
similar to that associated with the known HFO ventilator. 
This causes a similar volume of gas to be moved through the 
patient opening 8 and to the patient's lungs where gas 
exchange occurs to move oxygen (O2) into the lungs and carbon 
dioxide (COz) into the gas* After the delivery of each pulse 
the signal from the signal generator 32 causes the solenoid 
valve 24 to connect the extraction device 26 to the conduit 
20 for a predetermined time so as to withdraw through the 
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opening 22 at least the same volume of gas which was pushed 
out of the patient opening 8 by the immediately preceding 
pulse of additional gas. This induces a pressure decrease in 
the gas within the primary conduit and causes a similar 
5 volume of gas to be moved out of the patients lungs. Gas 
entering the primary conduit through the patient opening 8 is 
relatively rich in CO2 and is flushed from the system through 
the one-way valve 12 by the bias gas flowing from the inlet 
16 to the vent opening 10. 

10 Considering now Fig. 2, an HFO ventilator 36 is shown in 
operative connection to a first source of pressurised 
breathing gas 38 which in use will act as an additional gas 
source and to a second source of pressurised breathing gas 40 
which in use will act as a bias gas supply. The HFO 
15 ventilator 3 6 comprises a primary conduit 42 that has at one 
end a patient opening 44 which is intended to be placed in 
gas communication with a patient's airways, for example by 
connection to a conventional endotracheal tube (not shown) . A 
mushroom valve 46 terminates a vent opening 48 in the primary 
20 conduit 42- A bias gas flow inlet 50 is connectable to the 
bias gas flow supply 40 so that a continuous flow of bias gas 
may be introduced into the primary conduit 42 proximal the 
patient opening 44 and which exits via the vent opening 48 
when the pressure within the conduit 42 exceeds the closing 
25 bias of the mushroom valve 46. This pressure is then the mean 
airway pressure established by the HFO ventilator 36 in use. 
A side branch 52 of the primary conduit 42 connects to a gas 
pulse generator 54 through a one-way valve 56 which is 
arranged so that gas can only flow from the gas pulse 
30 generator 52. The gas pulse generator 54 comprises a first 
variable gas holding volume 58 having a reciprocally moveable 
element, here a piston 60, as one wall and an inlet 62 
connected to the source of additional gas 38. A first drive 
unit 64 is included to reciprocate the piston 60 at a 
35 predetermined high frequency in dependence of a signal output 
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from a control signal generator 68. The control signal 
generator 68 is also arranged to supply a control signal to a 
second drive unit 70 which is operably connected to a piston 
72 of a second variable gas holding volume 74 of an 
extraction device 76. The second variable gas holding volume 
74 is provided with a vent 78 which is here shown to connect 
to atmosphere via a one-way valve 80. A further side branch 
82 connects the second variable volume 74 to the primary 
conduit 42 via a one-way valve 84. The two one-way valves 
80, 84 are mutually arranged so that gas can only flow from 
the side branch 82 and out of the vent 78 as the piston 72 is 
reciprocated . 

The HFO ventilator 36 operates broadly as described in 
respect of the HFO ventilator 2 of Fig. 1. Thus, in use, a 
bias flow is provided between the inlet 50 and the vent 
opening 48 to pressurise gas within the primary conduit 42 
and a patient's airways until a mean airway pressure is 
established which is dependent on the opening pressure of the 
mushroom valve 46. A pulse of additional gas is supplied to 
the primary conduit 42 by the gas pulse generator 54 so as to 
intersect the flow path of the bias gas. The gas pulse is 
generated as the piston 60 is moved to reduce the volume of 
the variable gas holding volume 58 and thereby force gas out 
of the connecting side branch 52. As the piston 60 is moved 
to increase the volume of the variable gas holding volume 58 
fresh gas is supplied to that volume 58 from the gas source 
38. Alternately with the supply of the additional gas pulse 
by the generator 54 gas is withdrawn from the primary 
conduit 42 by the extraction device 76. The piston 72 is 
moved to increase the volume of the second variable gas 
holding volxme 7 4 and thereby suck in gas from the conduit 
42. As the piston 72 is moved in the opposite direction gas 
is forced from the variable volume 74 through the vent 78. As 
described above in connection with the ventilator 2 of Fig. 
1, the alternating supply to and withdrawal from the primary 



conduit 42 of a volume of gas causes oscillations in the 
column of gas within the conduit 42 (and consequently withxn 
a patient's lungs) at a frequency dependent on the frequency 
of reciprocation of the pistons 60,72. 

The control signal generator 68 may be usefully adapted to 
provide an independently variable signal to each of the 
piston drive units 64,70 so that at least the phase 
difference between each the control signals may be varied. In 
this way withdrawal of the gas by the extraction device 76 
zaay begin slightly before the end of the delivery of the gas 
pulse by the generator 54 to provide a smooth transition 
between supply and withdrawal of gas. This also allows delays 
caused by differences, for example in length, of conduits 
connecting the gas pulse generator 54 and the extraction 
device 76 to the primary conduit 42, to be compensated for. 

Additionally the stroke lengths of the two pistons 60,72 may 
different and variable to allow more gas to be withdrawn than 
was supplied. The bias flow can be adjusted to compensate for 
this net loss of gas from the primary conduit 42 which 
promotes the removal of CO2 from the ventilator 36. 

considering now Fig. 3, an HFO ventilator 86 is shown having 
a primary gas conduit 88 with a patient opening 90 at one end 
and with an opening 92 at the opposite end connected to an 
extraction device 94. The extraction device 94 comprises a 
variable gas holding volume 96 which has a reciprocally 
moveable element, again shown as a piston 98, as a defining 
wall section. The piston 98 connects to a drive unit 100 
which reciprocates the piston 98 at an operating frequency of 
the HFO ventilator 8 6 in dependence of an oscillating control 
signal provided by the control signal generator 102. A bias 
gas flow inlet 104 connects to the inside of the primary 
conduit 88 at a location proximal the patient opening 90 and 
a gas outlet 106 connects to the inside of the primary 
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conduit 88 at a location distal the patient opening 90 and in 
gas communication with the variable gas holding volume 96. 
The inlet 104 and outlet 106 are disposed to define a flow 
path there between for bias gas within the primary conduit 
88. A one-way valve 108, for example a mushroom valve, is 
located at the gas outlet 106 and arranged to allow the only 
the venting of gas from the primary conduit 88. This valve 
108 is adapted to open only when pressure within the primary 
conduit 88 reaches a predetermined and possibly adDustable 
level. In this way a desired mean airway pressure may be 
established by the HFO ventilator 86. A further one-way valve 
110 is located within the primary conduit 88 to prevent gas 
passing from the variable volume 96 and through the patient 
opening 90 as the piston 98 is moved to reduce the volume of 
the variable volume 96. A secondary conduit is provided with 
an- opening 114 in the primary conduit 88 through which gas 
may be directed to intersect the bias flow path and move 
towards the patient opening 90. A gas pulse generator 116 
comprises a controllable on/off valve 118 which is switched 
under the control of the control signal generator 102 to 
alternately allow and prevent passage of gas from a 
pressurised source of an additional gas (not shown) which 
connects to an inlet 120 of the gas pulse generator 116. Also 
provided within the gas pulse generator 116, in-line between 
the inlet 120 and the valve 118, is a humidifier 122 which 
conditions the additional gas before it is supplied to the 
primary conduit 88 . 

in use the control signal generator 102 actuates the on/off 
valve 118 and the piston 98 in a timed relationship to 
alternately supply a pulse of gas to and withdraw gas from 
the primary conduit 88 and thereby oscillate gas therein at 
the desired operating frequency of the HFO ventilator and 
thereby effect ventilation of a patient. 
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It will be appreciated by those skilled in the art that non- 
inventive modifications may be made to the embodiments of 
Figs 1 to 3 or other embodiments devised whilst remaining 
within the scope of the invention as claimed. Thus, for 
example, whilst it is preferable to introduce the bias flow 
into the primary conduit 42 proximal the patient opening 44 
this flow may be introduced distal the opening 44 and 
extracted proximal it. Additionally, the size variable gas 
holding volumes 58,74,96 may be of a known type other than a 
piston arrangement and may comprise a mechanically, 
pneumatically or electro-mechanically driven diaphragm or 
collapsible wall section. 
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Claims 

1 A high frequency oscillator (HFO) ventilator (2;36;86) 
comprising a first gas conduit (6;42;88) having an opening 
(8;44;90) for gas connection with a patient's airways and a 
bias gas flow inlet (16;50;104) and outlet (10;48;106) 
disposed to define there between a flow path for a bias gas 
within the first conduit {6;42;88); and an oscillator 
operable to induce pressure oscillations in gas within the 
first conduit (6;42;88) to move gas along a path intersecting 
the flow path for a bias gas alternately into and out of the 
opening {8;44;90) at a predetermined high frequency; 
characterised in that the oscillator comprises 
means (24, 26; 54, 76; 116, 94) for alternately introducing a 
volume of additional gas into and withdrawing at least the 
volume of gas from the first gas conduit (6; 42; 88) to induce 
the pressure oscillations. 

2 An HFO ventilator as claimed in claim 1 
characterised in that the oscillator is adapted 
to introduce the volume of additional gas into the first gas 
conduit (6; 42; 88) to intersect the bias flow path at a 
location proximal the opening. 

3. An HFO ventilator as claimed in claim 1 or claim 2 
characterised in that the means comprises a gas 
pulse generator (24; 54; 116) adapted to supply to a second gas 
conduit (20; 52; 112) arranged to introduce additional gas into 
the first gas conduit (6; 42; 88) in a direction towards the 
opening (8; 44; 90) a train of gas pulses wherein each pulse 
contains the volume of additional gas and is separated from a 
next pulse in the pulse train by an inter-pulse interval; and 
an extraction device (24 , 26; 76; 94) operable to withdraw gas 
from the first gas conduit (6;42;88) at least in each inter- 
pulse interval. 



4 An HFO ventilator as claimed in claim 3 
Characterised in that the extraction device 
(24,26) is arranged in gas communication with the second gas 
conduit (20) to withdraw the gas therethrough. 

5 An HFO ventilator as claimed in claim 3 
characterised in that the extraction device (76) 
is arranged in gas communication with the first gas conduit 

(42) via a third gas conduit (82) through which the device 

(76) withdraws the gas- 

6 An HFO ventilator as claimed in claim 3 
characterised in that the extraction device (94) 
is arranged in gas communication with an end (92) of the 
primary gas conduit (88) distal the opening (90) . 

7. " An HFO ventilator as claimed in claim 6 
characterised in that the extraction device (96) 
is further co-operatively arranged in gas communication with 
the bias flow outlet (106) to vent the withdrawn gas 
therethrough. 

8. An HFO ventilator as claimed in any of the claims 3 to 7 
characterised in that the extraction device 
(76; 94) comprises a size variable gas holding volume (74; 96) 
arranged in gas communication with the first gas conduit 
(42;88), the gas holding volume (74;96) being defined at 
least in part by a wall section (72; 98) reciprocally moveable 
in timed relationship with the operation of the gas pulse 
generator (54; 116) to alternately increase the size of the 
gas holding volume (74; 96) to withdraw gas from the first 
conduit (42; 88) at least during an inter-pulse interval and 
to decrease the size of the gas holding volume (74; 96) to 
vent the withdrawn gas during a next gas pulse of the pulse 
train. 
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9 An HFO ventilator as claimed in any preceding claim 
characterised in that the oscillator is adapted 
to introduce a volume of gas of between one and four 
raillilitres per kilogram weight of the patient as the volume 
of additional gas. 
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Abstract 

High Frequency Oscillator Ventilator 

A high frequency oscillator (HFO) ventilator (2) comprises a 
first gas conduit (6) having an opening (8) for gas 
5 connection with a patient's airways and a bias gas flow inlet 
(16) and outlet (10) disposed to define therebetween a flow 
path for a bias gas within the first conduit (6) . An 
oscillator comprises means (24,26) operable to alternately 
introduce a volume of additional gas from a source (4) into 

10 and withdrawing at least the same volume of gas from the 
first gas conduit (6) thereby inducing pressure oscillations 
in gas within the first conduit (6) to move gas along a path 
intersecting the flow path for a bias gas alternately into 
and out of the opening (8) at a predetermined high frequency 

15 dependent on the output of a control signal generator (32) , 
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